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`acbde;dgf-hjiUkle'monlp0qrktsUu5dqsDvoqrkwe;klxrpGqykwsDu
z d8xy{oxrq bdPe;dx}|!sUe;v~ntd&dPx
 s0d&qKklx6
 pGv~vYs  q z d  d| a d  | a du0fYDhDpDuDkwd  0D~hfFv~pGGdx
	&~0D `a klx;vpGvYd  z dpGnwx;kwq a p 6 s  pDu z sDe¡ Yd&n z e;s z d&nt¢B£pGxrd z kle¤p0Gdxrd&De;dPuDq6p0qrktsUu¦¥ `a kwx;kluUGsGnwGdPx
v~p  pDe-dqyd  dxrqykle¤p0qrktsUuFkwu a k zz du  p 6 s;e-s z dnwx¨§©s   a kl| a sDu~d s0§ªq a dge-sUxyqk z d&nw{¤mxyd z v  so|!d z m  dPxMklx¨q a d « 
p0nwGs  kwq a e#¥¬uv  pD|!qrkw|&dG­ z kt®	|&monwqykwdx3p  kwxrd z mod8qrs	q a d z dvYdu z du~|&d'xrq  m~|!q6m  d8kluq a de-s z dnwx3pGu z pDv~v  s^kle¤p0qrktsUu~x
p  d  dP¯mok  d z qys	e¤p  dgq a dpGntDs  ktq a e°q  pD|!qrpD£onwdG¥1±²d'v  sDvYsDxrd,pF|&nwpDxrx}sG§pGntDs  ktq a e¤x}kwu* a kl| a q a d8k z dp¤klxqrs z dp0n
kwq a xy{oxrqydPe;xsG§$klu z dPvdPu z dPuDq1p  klpG£onwdx¥ `a kwxM|&s 6 dPxrvYsDu z x]qrspGv~v  s^okle;pGqykwsDu~x:s0§cq a dvok³odnwx´kwuUqrd  pG|!qrktsUu~x1xrkwe;kwnwp 
qysq a d5e;dPpGu² dn z pDv~v  s^kle¤p0qrktsUu¦¥#¬µq§©sGnwntsxpGntDs  ktq a e¤x8q a p0q a p^DdFq a d#p z pGuUq6p0GdFsG§qrp  kluoq a d  p r sUklpGu
xrq  m~|!q6m  dkwuUqrs3pG||!sUm~uUqª a kwntd}v  dxrd  Ukluoq a dDss z §©dp0q6m  dx:s0§~«  ¥¬u-p z~z kwqykwsDuª­Pq a klx|&nwpDxrx­^q a pGq]klu~|!nlm z dPxuod&¶pDu z
p0n  dp z {  u~su#v  so|!d z m  dx­okwxv  dPxydPuDqrd z kwup¤m~uokt d z §  pDe-ds r ­ox a skwu~-q a p0qpDv~v~p  duUqrnt{ z kwxrqrpDuDqpGntDs  ktq a e¤x
|!sUe;d5§  sDe·xrkle-kwnlp  pGv~v  s^okle;pGqykwsDu¶v  klu~|!klvonwdx¥¸±²dktnwnlm~xyq  pGqyd*q a dpGntDs  ktq a e¤x;vYd  §©s  e¤pGu~|&d#sUu¸xr{ouDq a d&qrkw|pDu z
 dp0n kwe¤p0Ddx¥ `a dPxydd&~vd  kle;duUqrx	vYsGkluUq	sDm~q	q a dSpG£okwntkwqµ{¸sG§8sDm  v  so|!d z m  dx¤qrs¶qrp  dq a dxrvp0qyklp0n kwu§©s  e¤pGqykwsDu
kluDqrs#pD|&|!sUm~uUq&¥,¹,m  p0nwGs  kwq a e;x s0§©qrdux a sºxykwDu~k³ Y|pGuUqkle¤v  sDde;duUq a du|&sDe¤v~p  kluo	kwq a q a d-«  p0nwGs  kwq a e
pGvvontkwd z ktq a uos¤pG||!sUm~uUq¨s0§:q a d8x6v~p0qrkwpGn$xrq  m~|!q6m  d3pGu z kwq a q a d,¬r»  pGntDs  ktq a e*­U£~pDxyd z sUu	e¤pokwe;kw¼pGqykwsDu	sG§]q a d
v~xrdm z s0¢Bntk  dntk a ss z pGu z |&sDe¤e;sDuonw{5m~xrd z klu#kle¤p0Ddgxrd&Ue;duUqrpGqykwsDu¦¥
½¾U¿cÀrÁ'Â Ã:D ¬e¤p0Dd,xrd&Ue;duUqrpGqykwsDu¦­oÄ3k z~z du  p 6 s  pGu z sDeÅ dn z x­~«  pGntDs  ktq a e*­U¬r»  pGntDs  ktq a e*­  xydPm z sG¢
nwk  d&nwk a ss z ­  dPpGu# dn z pGv~v  s^okle;pGqykwsDu¦­iUkle'm~nwpGqyd z  dn z ¥
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¾  »dqp  qrkw|&ntdq  pGktqrd z d3n?´ dxrqykle¤p0qykwsDu z dxv~p  pGe bdq  dx z ´ m~u	| a pDe¤v z d  p r s-|pG| advYsDm  nlpxydDe;duUq6p¢
qrktsUu z ´ kwe¤pGGdx¥,pDu~x|&d3|p z  dG­Un?´ p0nwGs  kwq a e-d«  ­p0nwGs  kwq a e;d z d d!§ d  dPu~|!dvYsDm  ntdPxe;s z bdntdPx bpxrq  m~|&qrm  d3|pG| addG­
xrd a dm  qyd bp z dx z kt®F|monwq dPx§©s  qrdx­cvYsDm  v  dPu z  d'duS|!sUe;v~qyd;nwp z dvYdu z pGu~|&d-x6v~p0qrkwpGntdD­cd!oktDdpDuDq z dxgpDv~v  s^kle¤p¢
qrktsUu~x¥3sDm~x3v  sDvYsDxrsDu~xmuod'|!nlpGx6xrd z ´ pGntDs  ktq a e;dx}§©sUu z dPxx6m  n@´ k z dd z d-xrd  pGe;duod 'bp z dPx xr{oxyq bde;dx z dp  kwpD£onwdx
klu z dvYdu z pDuUqydx¥M»d&nlp8|!sDu z mokwq bp z dxpGv~v  s^okle;pGqykwsDu~x z d n?´ kwuUqrd  pG|!qrktsUu z dxvok³odnwxMpDu~p0nwsGUmodx bpn?´ pGv~v  s^okle;pGqykwsDu-du
| a pGe¤v'e;s{GdPu¦¥3sDm~xsU£oqydPuosDux1p0klu~xyk z dPx1p0nwGs  kwq a e;dPx¯mok~v  dPu~uoduUqdu;|!sUe¤voqyd}nlp z dvYdu z pDu~|!de¤p 6 skwdu~u~d¨qysUmoq
dPu	|!sUu~xrd  ^pDuUqMntdPx£YsDuuodxK|&p  pD|!q d  kwxrqykl¯modx z d,n@´ pGntDs  ktq a e;d«  ¥~»d3vYsGkluUq z d,omod s  d3mu	|&p z  d3m~uokt  d3vYsDm  z dPx
pGntDs  ktq a e;dx z dy bp3|&sDu~um~xsUm-u~sDmoDdpGmod&qMvYd  e-dq z de;sDuUq  d  ¯mod z dxMqyd| a uokw¯modPx1pGv~vp  de¤e;duUq£~ktdPu z k d  duUqrdx
 dvYsDxrduUqx6m  z dxv  klu~|!klvYdx z ´ pGvv  s^okle¤p0qykwsDu5pGu~pGntsDDmodPx&¥ sUm~xkwntnlm~xrq  sDu~x}nwdxvYd  §©s  e¤pGu~|&dx z d|!dPx z k d  dPuUqrxp0nt¢
Ds  ktq a e;dxxrm  z dxkle;pGGdPx¨xrkwe-mon d&dx¨d&q dd&nwntdPx&¥1»dxd!~v d  kle;duUqrpGqykwsDu~x¨|!sDuo   e;dPuDq¯Um~d3uosUx¨p0nwGs  kwq a e-dPx¨v  duuoduUq
£~ktdPu¶du |!sUe¤voqyd*ntdPx a {ovYsGq acbdxrdx z me-s z bd&nwd z d| a pDe;v z d  p 6 s |&pD| adG¥ ¬µnlx z sDu~u~duUqFxysUmoGdPuDq z de-dktnwnwdm  x
dPxrmonwqrpGqrx¯mod*n@´ pGntDs  ktq a e;d	«  u~d5qydPu~pGuUq¤v~pGx;|!sUe¤voqyd z d5nlp z dvYdu z pDu~|!d*xrvp0qyklp0nwd5dq-¯mod#n?´ p0nwGs  kwq a e;d#¬r»  ­
pGntDs  ktq a e;d z d d&§ d  du|!d dPu#xrd&Ue;duUqrpGqykwsDu z ´ kle¤p0Ddx­~£~pGx dgxrm  nlp¤e¤pokwe;klxrpGqykwsDu z dgnwp¤v~xrdm z s0¢B  pGkwxrde-£onwpDu~|!dD¥
 Â P À  ¾  iUdDe;duUqrpGqykwsDu z ´ kwe¤pGGdx­$» a pDe¤v~x z d  p r s	|&pD| adx­ nwGs  kwq a e «  ­! nwGs  kwq a e;dg¬r»  ­  xydPm z s
  p0klxydPe'£onlpGu|!dG­ 3v~v  s^kle¤p0qrktsUu	du| a pDe¤v#e;s{GdPu¦­ nwGs  kwq a e-d z m| a pDe¤v#xrkwe-mon dG¥
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 p r s  pDu z sUe  dn z e;s z dnwx  dGdpGntd z q a dPe;xrd&nwGdPxpGx-pvYsd  § mon¨qyssGn¨§©s  kle¤p0Dd5xydDe;duUq6p0qykwsDuDC'E3de¤pGu pDu z
E3de¤pDu 
F+G0fY­IHKdPxrpG¸7F*G*JK ¥ `a d{¶p  d#Dd  { m~xyd&§ monklupD|&|!sUm~uUqykluo§©s  xrv~pGqyklp0n z dPvdPu z du|!dxF£Yd&qµKd&dPu¶q a d z k³§È¢
§©d  duUq v~k³od&nlxsG§¨pGukle¤p0Gd-£~moq q a dxrd'x6v~p0qrkwpGn z dPvdPu z dPu~|!dPx p  d'pGnwxrs  dPxrvYsDuxykl£onwd8§©s  p	qµ{v~kw|p0nwnt{*nwp  DdpGe;sDmuDq s0§
|!sUe¤v~moqrpGqykwsDu¦¥ ¬uv  pG|!qrkw|&dG­$v~p  pGe;d&qrd  dPxyqrkwe¤pGqykwsDuklu a k z~z dPu  p 6 s*e;s z d&nlx pGu z kwe¤pGGd'xrd&Ue-dPuUqrp0qrktsUu  dP¯Um~k  d
pGvv  s^okle¤p0qykwsDux&¥ |!sDe¤e;sDu;qrd| a uokl¯modqys z dpGn~ktq a q a d3e-s z dnwx¨|!sDe¤vonwd!okwqµ{'klx1q a d m~xrds0§cq a d vxydPm z s0¢Bnwk  d&nwk a ss z
pGvv  s^okle¤p0qykwsDuLC?H}dx6p0¸7FMG+K ¥   dPpGxrsDu klx'q a p0q;ktq¤klu z m~|&dx'§ pG|&qys  kw¼p0qrktsUu~x;pGu z e¤p  dx-q a d*e;s z d&nlx;q  pG|&qrpG£~ntdD¥
Ä sKd&Dd  ktq z sUdPx8uosGq8uodP|!dPxrx6p  ktnw{|!s r dx6vYsDu z x3qysp#p0nwk z v  sD£pG£okwntkwqµ{e;s z d&n@¥¤¬uSq a klx8v~pGvYd  ­ªq a d	pGv~v  sDpD| a Kd
v  sDvYsDxrdklx,p5GdPuod  p0nwkt¼Pp0qrktsUus0§Mq a d;e;dpDu dn z v  kwu~|&kwv~ntd-s0§xrqrpGqyklxyqrkw|p0nv a {xrkl|&xNCB» a pDu z nwd  
F*GM*K ¥  s  d;xrvYd|&k³ ~¢
|&pGntnw{G­Kd,|&sDu~xrk z d  pGv~v  s^okwe¤pGqykwsDu~x¨s0§  p r s;e;s z dnwx­ktq a |&sDe¤vonwd! z dvYdu z du~|&dx­~£U{	xy{oxrqyde¤xs0§]klu z dPvdPu z dPuDq
p  kwpD£onwdx¥ `a dxrd-pDv~v  s^kle¤p0qrktsUu~xnwdp z qrs5p0nwk z v  sD£~pD£oktnwkwqµ{*e;s z d&nlx­Ykwq a § pG|!qrs  kt¼Pp0qrktsUu*v  sUvd  qrktdPx&­ce'm~| a xrkle'¢
vonwd  qys z dPp0nktq a ¥'±²d¤q a dPum~xrd¤q a dPxyd¤pGvv  s^okle¤p0qykwsDuxqys|&p r {sDmoq,q a d;«  pGntDs  ktq a e/pGu zSz d  ktDd;p*|!nlpGx6x3s0§
p0nwGs  kwq a e;x} a kw| a klu~|!nlm z dPx uodºpGu z pGn  dp z {  uosuv  s|&d z m  dPx&¥ `a d&k  vYd  §©s  e¤pGu~|&dp  dxyq6m z kwd z sDuxr{ouUq a dqykl|
pGu z  dpGn¦kwe¤p0Ddx¥
`a d§©sGnwntskluoiUd|&qykwsDu¤ x6vYd|!kt dPxq a d|!sUuUqyd!oqs0§ a k z~z du  p r s,e;s z d&nlx§©s  kle¤p0Gdxrd&Ue-dPuUqrp0qrktsUu¦¥ `a de;dpDu
 dn z pGvv  s^okle¤p0qykwsDu-v  kwu~|&kwv~ntdklxMv  dxrduUqyd z klu	iUd|&qykwsDu @ ¥M¹,m  pGntDs  ktq a e¤xp  d z dPxr|  kl£Yd z pGu z pGup0nw{xrd z kluFid|!qrktsUu
f¥¬u#id|!qrktsUu5o­Kd |!sUu~xrk z d  sDq a d  pGntDs  ktq a e¤x¨pGu z GkwGd p z~z kwqykwsDu~pGnYq a d&s  dqykl|&pGnY|!sUe¤e-dPuUqrx¥ `a d3vYd  §©s  e;pDu~|!d s0§
xrd&Gd  pGn]p0nwGs  kwq a e;x z d  ktDd z §  sDe sDm  pGv~v  sDpD| a p  dktnwnlm~xyq  pGqyd z sDuxr{uUq a d&qrkw|-pGu z  dpGnªkwe¤pGGdx kwu²iUd|&qykwsDuOJ	pDu z
p z kwx6|&mxrxrktsUu	xrd|!qrktsUu	dPu z xKq a d8v~pDvd  ¥ ` s'kwntnlm~xrq  p0qrd3q a d8e-dPpGu	 d&n z pDv~v  s^kle¤p0qrktsUu	v  kwu~|&kwv~ntdD­pDu5pDv~vdPu z kt	GkwGdPx
xrsDe;d z d&q6p0kwnªsDu*p¤xykle¤vontdvp0k  klxyd,kluDqrd  pG|&qykwsDu*|&pGxrdG¥
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 sD£~ntdPe;x;kluUGsGnwkwu~²klu~|&sDe¤vonwd&qyd z p0qrp­ a d  dvp  qFs0§3q a d z pGqrp²klx	e;kwx6xykluo s  muosD£~xrd  pG£onwdG­}p  d|!sDe¤e;sDu klu
kle;pGGdgpGu~pGnt{oxrkwx¥ `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Unit é de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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